Background: Computer users often report musculoskeletal complaints and pain in the upper extremities and the neck-shoulder region. However, recent epidemiological studies do not report a relationship between the extent of computer use and work-related musculoskeletal disorders (WMSD). The aim of this study was to conduct an explorative analysis on short and long-term pain complaints and workrelated variables in a cohort of Danish computer users. Methods: A structured web-based questionnaire including questions related to musculoskeletal pain, anthropometrics, work-related variables, work ability, productivity, health-related parameters, lifestyle variables as well as physical activity during leisure time was designed. Six hundred and ninety office workers completed the questionnaire responding to an announcement posted in a union magazine. The questionnaire outcomes, i.e., pain intensity, duration and locations as well as anthropometrics, work-related variables, work ability, productivity, and level of physical activity, were stratified by gender and correlations were obtained. Results: Women reported higher pain intensity, longer pain duration as well as more locations with pain than men (P < 0.05). In parallel, women scored poorer work ability and ability to fulfil the requirements on productivity than men (P < 0.05). Strong positive correlations were found between pain intensity and pain duration for the forearm, elbow, neck and shoulder (P < 0.001). Moderate negative correlations were seen between pain intensity and work ability/productivity (P < 0.001). Conclusions: The present results provide new key information on pain characteristics in office workers. The differences in pain characteristics, i.e., higher intensity, longer duration and more pain locations as well as poorer work ability reported by women workers relate to their higher risk of contracting WMSD. Overall, this investigation confirmed the complex interplay between anthropometrics, work ability, productivity, and pain perception among computer users.
Background
Musculoskeletal complaints and pain located in the neck-shoulder region and upper extremities are commonly reported among computer users [1] . Musculoskeletal pain has tremendous personal and social impact leading to reduced quality of life with the possibility of loss of work and social networks [2, 3] . The development of musculoskeletal pain among computer users is related to multiple factors. Individual, physical, psychosocial, and organizational factors are reported to play an important role in the development of work-related musculoskeletal disorders (WMSD) [4] . These factors interact in a complex manner in many occupations including office work [1] . Currently, the level of association between the extent of computer use and WMSD is still under debate. Two studies have found an association between mouse work and acute pain [5, 6] . Concerning long-term pain complaints, some studies have suggested a causal relationship between computer work and musculoskeletal complaints in the neck-shoulder region and upper extremities [7] [8] [9] [10] [11] while other studies have reported moderate or no evidence for such associations in the upper extremities [1, 12] . Recent studies with objective and quantitative measurements of computer use have failed to demonstrate an association between mouse and keyboard use (exposure) and prolonged pain or chronic pain [5, 6, 13] .
Subjective assessments of symptoms in the upper extremities are most often made to study the association between computer work and musculoskeletal complaints in epidemiological studies. This has resulted in a better understanding of WMSD as well as a sound rationale for the design of interventions for the prevention of such disorders. However, self-reported exposure and musculoskeletal complaints can bias the relationship between these two entities [14] . This has also major shortcomings when handling, for instance, insurance claims [1] . Office workers often report work-related discomfort and pain even though, to date, no clear relation between computer use and neck/upper extremities disorders has been found. Women suffer approximately twice as much as men from work-related complaints in the neck and upper extremities [15] [16] [17] [18] . Thus, studying the relationship between pain intensity, duration, and localisation in relation to physical, psychosocial, organizational, and individual factors will contribute to a better knowledge of the musculoskeletal complaints reported by computer users. This is further substantiated by the multifactorial origin of WMSD [19] .
The aim of this study was to assess demographic information on short and long-term pain complaints among computer users in Denmark. The questionnaire included questions related to musculoskeletal pain, anthropometrics, work-related variables, work ability, productivity, health-related variables, and lifestyle variables (limited to the use of pain killers) as well as physical activity during leisure time. In general women are more prone to WMSD [15] [16] [17] and therefore the questionnaire outcomes were stratified by gender.
Methods

Subjects
An announcement concerning the present investigation was published in the magazine for HK Privat (union for office workers) reaching approx. 5000 Danish employees. Six hundred and ninety office workers completed the questionnaire which was used to screen participants as workers with or without symptoms in the neck-shoulder region and upper extremities. Another 114 workers started filling in the questionnaire but did not complete it. They were thus excluded from the subsequent analysis. Tables 1 and 2 present the anthropometric variables stratified by gender. The study was approved by the local ethics committee of The North Denmark Region (No. N-20100048).
Self-reported measures
A structured web-based questionnaire was used including questions related to anthropometrics, work-related variables, work ability, productivity, health-related variables, lifestyle variables (limited to the use of pain killers), musculoskeletal pain as well as physical activity during leisure time. The questionnaire included elements from the Standardized Nordic questionnaire for musculoskeletal disorders [20] , work ability questionnaire [21] , general self-efficacy [22] , and the short International Physical Activity Questionnaire (IPAQ-www. ipaq.ki.se) [23] . The main questions of the structured self-administered questionnaire are described in more detail below:
-Anthropometrics: Gender, height, body mass, body mass index, dominant side. -Musculoskeletal complaints (pain and discomfort).
The pain duration, intensity, and locations were assessed. The pain duration was assessed using the number of days with complaints in a body part during the last 12 months (0 days, 1-7 days, 8-30 days, 30-90 days, more than 90 days, every day). The pain intensity was measured using a visual analogue scale (0-10 cm) anchored with 0: "no complaints/pain" and 10: "worst possible complaints/pain". The workers scored their pain intensity within the last seven days and the last three months from the following sites: neck, right shoulder, left shoulder, right elbow, left elbow, right wrist, left wrist, and dominant forearm. The number of locations with pain (pain intensity > 0 cm) within the last seven days and the last three months was also counted. The number of painful locations was between 0 and 8 body parts. Finally, the inability to perform daily work due to complaints in the neck/ dominant shoulder and dominant elbow/forearm was assessed. A reduced index of work ability was calculated by summing the given score (range between 3 and 21). Values between (3-8), (9) (10) (11) (12) (13) (14) (15) , (16) (17) (18) , and (19-21) were defined as "poor", "moderate", "good", and "excellent" work ability in agreement with [21, 24] . -Productivity: Ability to fulfil the company requirements on productivity. Productivity was rated on an 11-step ordinal scale anchored with 0:"the worst a worker could do" and 10: "the best a worker in the same job could do". [25] .
The tasks carried out by the workers were characterized as office work (administrative tasks) without special physical loads. Workers reporting a pain intensity > 0 cm on the visual analogue scale in neck, shoulders, and arms were considered having musculoskeletal pain. Workers reporting pain intensity = 0 were considered pain free. Therefore, an explorative analysis including workers with and without musculoskeletal pain was performed. The investigation enabled a detailed study of a population of computer users gaining information on the relations between anthropometrics, work-related variables, work ability, productivity, musculoskeletal pain, health-related variables, lifestyle variables, and physical activity during leisure time.
Data analysis
Median [25-75% quartiles] values are reported in text and tables. Mann-Whitney U-test was used to compare the effects of gender on the following independent variables: age, BMI, number of hours/week working with a computer, work ability, ability to fulfil the company requirements on productivity, the frequency of pain in forearm-elbow-neck-shoulder, the pain intensity in the forearm-elbow-neck-shoulder over the last seven days and three months, the number of locations with pain, and the distribution of the level of physical activity. Spearman's correlation coefficient was computed for both men and women to delineate the relationship among these independent variables. P < 0.05 was considered significant.
Results
Gender differences
Tables 1 and 2 report anthropometrics, health-related and life style variables stratified by gender. Women were younger (P = 0.03) and had lower BMI (P = 0.02) than men. Table 3 shows work-related, work ability, and productivity variables stratified by gender. The job seniority was 18 [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] years for the women (N = 529) and [35] [36] [37] hours for the women (N = 529) and 37 [37] [38] [39] [40] hours for the men (N = 125). Women reported poorer work ability than men (P = 0.01).
Women (9 [8-9] , N = 499) reported poorer ability to fulfil the company requirements on productivity than men (9 [8] [9] , N = 119, P = 0.02). Tables 4, 5 and 6 report pain frequency, pain intensity in the neck/dominant shoulder and dominant elbow/forearm, and the number of locations with pain stratified by gender. Women had higher frequency of pain in the dominant forearm-elbow-neck (P = 0.027, P = 0.025 and P = 0.001, respectively), higher pain intensity within the last seven days in the dominant forearm-neck (P = 0.037 and P = 0.001, respectively) and within the last three months in the forearm-elbow-neck (P = 0.002, P = 0.007, and P = 0.005, respectively) as well as more locations with complaints (P = 0.03) than men. Figure 1 shows the pain intensity within the last three months in the dominant elbow/forearm and the neck/dominant shoulder for women and men. Further, both women and men reported inability to perform daily work due to complaints in the neck/dominant shoulder (104 (21.5%) and 20 (16.9%), respectively) and dominant elbow/forearm (75 (15.9%) and 8 (6.9%), respectively). Table 7 reports the level of physical activity Correlations between arm-neck-shoulder pain and anthropometrics / work-related variables / work ability / productivity / physical activity Significant positive correlations were found between pain intensity within the last seven days and pain duration for women in the forearm, elbow, neck, and shoulder (ρ = 0.83, P <0.001, ρ = 0.83, P < 0.001, ρ = 0.75, P < 0.001, and ρ = 0.81, P < 0.001, respectively) and for men in the forearm, elbow, neck, and shoulder (ρ = 0.81, P < 0.001, ρ = 0.86, P < 0.001, ρ = 0.71, P < 0.001, and ρ = 0.80, P < 0.001, respectively). Similarly, significant positive correlations were found between pain intensity within the last three months and pain duration for women in the forearm, elbow, neck, and shoulder (ρ = 0.91, P < 0.001, ρ = 0.90, P < 0.001, ρ = 0.75, P < 0.001, and ρ = 0.87, P < 0.001, respectively) and for men in the forearm, elbow, neck, and shoulder (ρ = 0.89, P < 0.001, ρ = 0.93, P < 0.001, ρ = 0.81, P < 0.001, and ρ = 0.91, P < 0.001, respectively). Figure 2 shows the relationship between pain intensity within the last three months and pain duration within the last 12 months (highest number of days with complaints) for women and men in the neck/dominant shoulder and the dominant elbow/forearm. A significant positive correlation was also found between the overall pain intensity (sum of the eight locations) within the last three months and BMI for men (ρ = 0.20, P = 0.02). Further, significant negative correlations were found between the overall pain intensity within the last three months and work ability or productivity for women (ρ = −0.47, P < 0.001 and ρ = -0.32, P < 0.001, respectively) and for men (ρ = −0.40, P < 0.001 and ρ = 0.-42, P < 0.001, respectively). No other significant correlations were found.
Discussion
The present study extends the knowledge on pain and gender providing data concerning the relationship between computer usage, work ability, productivity, physical activity, and self-reported pain. The results provide novel findings on musculoskeletal complaints and gender among office workers. Positive correlations were found between 1) pain intensity and pain duration and 2) pain intensity and number of pain locations. Musculoskeletal disorders constitute a societal and economical problem [3] . Complaints of pain located in the neck-shoulder region and upper extremities are commonly reported by computer users. The prevalence of complaints in the neck and upper extremities is reported to be approximately twice as high among women as compared with men [15] [16] [17] . The present findings concerning the frequency of pain and the number of locations with pain corroborated the higher WMSD prevalence reported in women. The distribution of the self-reported complaints from the dominant armforearm and the neck-shoulder differed among gender, with women having more days with symptoms over the last 12 months (Table 4 ). In parallel, women reported higher pain intensity within the last 7 days or 3 months over the dominant forearm-elbow-neck-shoulder than men ( Table 5 ). WMSD are also characterised by a spreading of pain to larger body areas [26, 27] . In agreement with this latter statement, the women who responded to our questionnaire also reported more locations with complaints than men ( Table 6 ). This is of importance as an increase in the number of painful regions is found to be associated with a poorer prognosis [28] .
The reported differences in musculoskeletal pain frequency, intensity, and spreading are well in line with the known gender differences in pain perception [29] [30] [31] [32] . Several biological and biosocial mechanisms such as gonadal hormones, genetic factors, and multiple psychological factors have been proposed to account for these gender-related differences. Psychosocial factors such as gender role expectancies, beliefs regarding the ability to control and tolerate pain as well as anxiety have been suggested [31, 32] . Therefore, the lower scores on work ability and lower ability to fulfil the requirements on productivity reported by the female computer users compared with males have probably contributed negatively to the overall pain perception in agreement with previous findings [33] . Negative mood states relative to work or family, such as anxiety and depression, are also suggested to be potent contributors to gender differences in pain perception [31, 32] . Biological factors encompass for instance different sex-related hormonal influences, resting blood pressure, genetic influences, mechano-sensitivity, and descending inhibitory pain control [29] [30] [31] . Both age and BMI differed among groups in the present study. However, these differences further substantiate the reported differences in pain and work ability. Age and BMI are indeed known risk factors for musculoskeletal pain [34] [35] [36] . Based on this point and on the study sample size, the analysis was not adjusted for age, BMI or other socio-economic variables. From a clinical point of view the reported gender differences in pain characteristics (frequency, intensity and spreading) and work ability among computer users provide further arguments for the larger extent of prolonged or chronic WMSD in the upper extremities reported in women [15] [16] [17] . The present study also investigated the correlations between pain located in the arms or neck-shoulder region and anthropometrics, work-related variables, work ability, productivity, and physical activity. The time spent working with a computer has been reported as a predictor for future musculoskeletal symptoms in prospective studies investigating complaints from the hand and wrist [37, 38] . The time spent using a computer mouse is also found to be related to forearm and shoulder complaints [39] . The number of hours of daily or weekly computer work is positively associated with more armhand than neck-shoulder complaints [10] . At baseline the NUDATA study has shown that working with a computer mouse for more than 15-20 hours/week is associated with a risk of tension neck syndrome [40] . Contrary to these studies, this study did not find any significant correlation between the number of hours reported working with a computer and the pain intensity reported from the dominant forearm-elbow and neckshoulder as well as the number of locations with pain. This is actually in line with recent prospective studies reporting that the duration of mouse and keyboard use is unrelated to prolonged or chronic musculoskeletal pain conditions [5, 6, 13] . The lack of relationship between pain and duration of computer use is further supported by the fact that severe pain does not have a better prognosis if mouse and computer work is carried out for shorter duration [28] . Interestingly, the neckshoulder region has been found less susceptible to exposure in connection with computer usage than the hand-arm region [8, 10] . This is in agreement with the relationship found between the time of mouse usage and acute distal arm pain [6] . However, a possible link between complaints in the neck-shoulder and distal arm pain has been reported during mouse usage [41] . A case-control study showed a small association between seeking care because of neck or shoulder disorders and computer work for more than 4 hours/day among women [42] . This is in line with the slightly higher pain prevalence reported among women [6] . Concerning sickness absence computer professionals and technicians have been found to have a low risk of sickness absence [43] and computer use did not predict future long-term sickness absence [44] . The present results and the existing literature confirm that musculoskeletal pain in computer users probably results from complex relationships between individuals, societal and work-related aspects.
The current study revealed positive strong correlations between pain intensity (reported for the last seven days and three months) and pain duration for the forearm, elbow, neck, and shoulder. These correlations show that the higher the pain intensity the longer it will last. This result suggests that both ongoing pain intensity and pain duration can play an important role in the chronification of WMSD or the recurrence of symptoms. Chronic musculoskeletal pain is often associated with spatial pain propagation in agreement with the number of painful locations reported in the current study [26, 45] . Along with the chronification, more and more sensory abnormalities occur; on-going peripheral nociception may aggravate peripheral and central sensitization. An imbalance in pain modulation is reported to lead to a long-lasting pain process [46] . However, further studies are needed to examine the peripheral and central neuro-modulation mechanisms among computer users suffering from pain. Thus, the relationship between pain intensity and pain duration can have important implications in terms of generalized hypersensitivity to pain reported in clinical conditions like musculoskeletal disorders [26] and osteoarthritis [47] . This study also found a moderate negative correlation between the overall pain intensity within the last three months and work ability or productivity underlining the interplay between pain intensity and work ability or productivity. Such a relationship is important as low work ability is a good predictor of long-term sickness absence [48] .
Physical activity has been shown to counteract the development of WMSD to some extent [49] . As such, physical activity has also been shown to lead to a reduction in the pain intensity [50] . Moreover, physical activity can result in lower values for BMI, body fat percentage and blood pressure as well as better work performance [51] . Recently, a relationship between vigorous-intensity physical activity and lower neck pain has been reported suggesting a possible preventive role of physical activity on musculoskeletal pain [23] . Contrary to these studies this study did not find any significant correlation neither between the level of physical activity and the overall pain intensity nor between the level of physical activity and the number of locations with pain among computer users. This can most likely be explained by the skewed distribution of the physical activity during leisure time among the computer workers (Table 7 ). According to the IPAQ classification, approximately 88% of the workers belonged to the physically active category in relation to the recommendation of the American College of Sports Medicine [25] . It is likely that some of these workers overestimated their level of physical activity since 40% of all adults in Denmark do not fulfil the recommendation for physical activity [23, 52] . Another explanation is related to the fact that the IPAQ does not enable detection of relatively small changes like 1 hour/ week in physical activity [23] . Further studies investigating the level of physical activity using objective measures and pain perception are warranted.
Finally, it is acknowledged that the present study has limitations. Firstly, all participants came from a selected group of computer workers in Denmark that may not be representative of all computer users. On the other hand, this could also be considered a strength as the investigated group was rather homogenous in terms of exposure. The invitation to participate reached approximately 5000 office workers from the union HK Privat (union for office workers). The age of the female workers filling in the questionnaire was similar to the age of the rest of employees (47 years) while the male participants were younger (4 years on average). The gender distribution differed as the woman/man ratio was 4 for the participants compared with a ratio of 2.7 for the entire HK Privat. As reported by Strazdins and Bammer [32] , a self-selection bias may have occurred. It is possible that the workers completing the questionnaire were more concerned with their health. No knowledge about the non-respondents exists and no further elaboration on the self-selection bias can be made. Further studies elaborating this issue in relation to gender are needed. Only self-reported data about anthropometrics, work-related variables, work ability, productivity, musculoskeletal pain, health-related variables, lifestyle variables, and physical activity during leisure time were collected. This is a serious limitation inherent to all questionnairebased studies (e.g. overestimation of the outcome) as for instance self-reporting of duration of computer work is inaccurate compared with objective measurements. However, it has been shown that self-reported computer usage reflects objective usage, especially with higher levels of usage as in the present cohort [14] . Further, the collection of self-reported data concerning both exposure and its effects in one single questionnaire may have introduced a bias in the responses given by the workers [14] . A way to address this issue is to add or replace the questionnaire with recordings of computer use and clinical examinations. In this study the frequency, intensity, and locations of symptoms were collected to obtain a broad pattern of symptoms in line with [16] . However, the solely subjective assessments of pain do not necessarily relate to possible pain mechanisms. More studies elaborating on pain mechanisms using quantitative sensory testing among computer users [53] are needed to obtain a more profound understanding of the WMSD [1] . Issues related to ergonomics, i.e., working posture and motor control were not addressed even though these are known to play a role in the gender differences found in WMSD [18, [54] [55] [56] . Thus, confounding factors related to uncontrolled ergonomic, psychosocial, and personal factors cannot be excluded.
The participation rate was low (approx. 14%) and this may have induced bias in the self-reported outcomes and self-reported computer usage in agreement with [6] . The relatively small sample size (especially for men) and the data distribution for physical activity may have affected the power to detect more significant differences and correlations. Despite these limitations, this study is to our knowledge the first investigation focusing on gender aspects in relation to pain perception, work ability, productivity, and physical activity among computer users.
Conclusions
On the basis of a questionnaire, musculoskeletal pain, anthropometrics, work-related variables, work ability, productivity, health-related variables, lifestyle variables as well as physical activity were analysed among 690 Danish computer users. Differences in pain perception, i.e., higher intensity, longer duration and more pain locations as well as poorer work ability were reported by women compared with men. These findings relate to the higher risk of contracting WMSD found in women. Further, the present analyses confirmed the complex interplay between anthropometrics, work ability, productivity, and pain perception, i.e., pain intensity, duration and locations among computer users.
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